Objectives: To examine the extent at which match outcome and ladder position could be 16 explained using team performance indicators in the National Rugby League (NRL). 17
Introduction 37
Similar to many team invasion sports, rugby league requires players to blend a range of 38 multidimensional performance qualities (i.e., physical, technical, and perceptual skills). 1 The 39 premier competition in Australia and New Zealand is the National Rugby League (NRL), which 40 currently consists of 16 teams who compete within a 26-round premiership season. The 41 premiership season serves as a means to rank teams against one another on a 'ladder', where 42 one is the highest rank and 16 is the lowest rank. Within the premiership season, teams are 43 awarded two points for a win and one point each for a drawn match. At its conclusion, the eight 44 highest ranked teams (colloquially termed 'the top eight') then compete against one another in a 45 four week knock out finals series as they attempt to obtain an NRL premiership. Additionally, 46 the top two teams on the ladder at the conclusion of the premiership season are awarded a 47 double chance and home ground advantage within the finals series. Subsequently, the primary 48 objective for each NRL team in the premiership season is to accumulate as many wins as 49 possible, ultimately ranking high on the ladder (i.e., closer to one). 50
Given the importance of possessing a high number of wins during the premiership season, some 51 research has examined the physical and technical activity profiles of successful and less 52 successful elite (i.e., NRL) and sub-elite (i.e., state-league) rugby league teams. [2] [3] [4] Most 53 recently, Kempton et al. 4 investigated the physical and technical profiles of 'successful' (defined 54 via fourth placing on the NRL ladder) and 'less successful' (defined via 16 th placing on the 55 ladder) NRL teams. Using linear mixed effects modelling and magnitude based inferences, the 56 authors showed that the successful team recorded lower high-speed running distances (882 (749 57 -1014 m)) and engaged in fewer physical collisions (18.6 (16.4 -20.8)) relative to their less 58 successful counterparts (904 (807 -1001 m) and 22.2 (20.6 -23.85), respectively). 4 59 Additionally, the successful team gained more territory in attack, obtained a greater percentage 60 of ball possession and performed fewer errors when compared to the less successful team. 4 61 Similar findings have been reported in sub-elite rugby league competitions, with Gabbett 2 noting that the top four state-league teams (out of 12) gained more territory in attack and 63 conceded fewer metres in defence when compared to the bottom four teams. Combined, this 64 work indicates that there are distinctive differences between successful and less successful elite 65 and sub-elite rugby league teams manifested via their technical performance indicator 66
characteristics. 67
While of value, previous work has not yet investigated the team performance indicator 68 characteristics of higher and lower ranked teams from a national, league-wide perspective (i.e., 69 the entire NRL). This is despite work being conducted in other team 5 and individual 6 sports that 70 adopt ladder systems to rank performances noting differences in performance indicator 71 characteristics between higher and lower ranked teams or players. In part, this may be due to the 72 perceived difficulties encountered when modelling a sequential or ordinal response variable 73 (i.e., ladder position) against a set of defined explanatory variables (i.e., team performance 74 indicators). Ordinal regression may be of use in such instances, as it allows the prediction of an 75 apriori response variable whose properties exist in some form of meaningful order or sequence. 7 76 Further, the extent at which team performance indicators can explain match outcome (win/loss) 77 is yet to be comprehensively investigated in the NRL. This is in contrast to Australian football, 78
where Robertson et al. 8 used decision-tree analysis and logistic regression to identify the 79 performance indicators most associated with match outcome in the Australian Football League 80 (AFL). 81
Revealing unique combinations of performance indicator characteristics explanatory of higher 82 and lower performing teams may objectively assist coaches with decisions orienting game and 83 training plans or team selection strategies. 8 To this end, the aim of the current study was to 84 examine the extent at which team performance indicators could be used to explain match 85 outcome and ladder position at the conclusion of the NRL premiership season. 86 87 88
Methods 89
Team performance indicators from the 2016 NRL season were extracted from a publically 90 accessible source (http://www.nrl.com/stats) and placed into a custom designed Microsoft Excel 91 spreadsheet (Microsoft, Redmond, USA) for analysis (Supplementary Table 1 ). These team 92 performance indicators were chosen owing to their use elsewhere, 4 enabling a discussion of 93 findings relative to the performance analysis literature in rugby league. The dataset contained 14 94 team performance indicators acquired from 26-rounds, equating to 376 observations. Eight 95 games were played per round, with the exception of rounds 12 (four games), 13 (seven games), 96 15 (four games), 16 (seven games), 18 (four games) and 19 (six games). In these rounds, 'byes' 97 were mandated for certain teams. Drawn matches (n = 2) were excluded from the dataset as the 98 competing teams were awarded equal points for these matches. Ethical declaration was obtained 99 by the relevant Human Research Ethics Committee prior to analysis. 100
Data were sorted according to match outcome (two levels: win, loss) and ladder position (16 101 levels) at the conclusion of the 2016 premiership season. Here, a ladder position closer or equal 102 to 'one' was indicative of a higher ranked team, while a ladder positioning closer or equal to 103 '16' was indicative of a lower ranked team. 104
Prior to the main analyses, a correlation matrix was built to assess the level of collinearity 105 between the team performance indicators (explanatory variables). 9 Descriptive statistics (mean 106 ± standard deviation) were then calculated for each team performance indictor relative to match 107 outcome (win, loss). The effect size and 90% confidence interval of match outcome was 108 calculated using Cohen's d statistic, 10 where an effect size of <0.2 was considered trivial, 0.2 -109 0.6 small, 0.6 -1.2 moderate, 1.2-2.0 large, and >2.0 very large. 11 110
To examine the extent at which team performance indicators could be used to explain match 111 outcome, a conditional interference (CI) classification tree was grown using the 'party' 112 package 12 in the R computing environment. 13 A CI classification tree is a type of decision 113 induction analysis that estimates a regressive relationship through binary partitioning (splitting) 114 by testing the null hypothesis between a set of explanatory variables and a binary response 115 variable. 12 Here, the team performance indicators were coded as the explanatory variables and 116 match outcome was coded as the binary response variable (1=win, 0=loss). Partitioning is 117 stopped when the null hypothesis cannot be rejected (i.e., P ≥0.05). A benefit of this analysis is 118 that its' fitting algorithm corrects for multiple testing, thus avoiding overfitting. 12 As such, this 119 analysis results in the growth of an unbiased decision tree that does not require pruning. 12 120
The relationship between ladder position and team performance indicator characteristics were 121 examined using cumulative link mixed models fitted to the data using the 'ordinal' package 14 in 122 the same computing environment. 14 This type of modelling was chosen as it is a form of ordered 123 regression, useful when modelling a response variable that possesses some type of order or 124 sequence. 7 Confidence intervals of each models' parameter estimates were calculated using the 125 confint function, with the 'P values' being estimated using Wald's method. 126
Results 127
Collinearity was noted between 'all runs', 'all run metres', and 'possession percentage' (r >0.5), 128 with the former being excluded from further analysis. As shown in Table 1 , 'try assists', 'line 129 breaks' and 'all run metres' expressed the largest relative effect on match outcome. 130
Following the branches to the right of the root node (>2 try assists), node number 11 partitioned 138 the data on 'all run metres' at a count of 1340m. Of the 24 observations in terminal node 12, the 139 probability of winning was lower (25%) than the probability of losing (75%). Node number 13 140 partitioned the data on 'try assists' at a count of 4. Of the 60 observations in terminal node 141 number 17, the probability of winning was higher (98.3%) than the probability of losing (1.7%). The rules of rugby league game-play dictate that a team can only accrue six 'tackles' while in 188 possession of the ball until it is relinquished to the opposition. To counteract this ruling and gain 189 more territory in attack, teams 'kick' the ball toward their opposition's goal line on their sixth 190 tackle. It was of interest to note that higher ranked teams appeared to kick the ball further than 191 their lower ranked counterparts; suggesting that they may possess rostered players with more 192 pronounced kicking skills. This finding has also been reported in sub-elite rugby league A unique finding of this study was the identification of the positive relationship between 201 'missed tackles' and ladder position. This suggests that higher ranked NRL teams possess more 202 comprehensive defensive strategies when compared to their lower ranked counterparts. A 203 potential strategy higher ranking teams employ while in defence is to tackle in pairs or groups; 204 colloquially referred to as 'gang tackling'. 16 This strategy is likely to counteract the traditional 205 attacking strategy of 'charging' (i.e., running directly at a defensive line to physically barge 206 through) by negating potential physical discrepancies between an attacking and defending 207 player. This type of defensive football would likely require collective team behaviour, with 208 players needing to spread at speed following the tackle given the potential holes 'gang tackling' 209 may incur along a defensive line. Although most teams are likely to engage in this strategy, 210 higher ranked teams may be more equipped at performing this efficiently given the reduction in 211 'missed tackles' noted in this study. Concomitantly, our results showed that higher ranked teams 212 accrued a greater count of 'dummy half runs'; an attacking strategy commonly employed 213 against an unstructured defence. 16 Thus, higher ranked teams may not only spread at speed 214 following a 'gang tackle' but they appear more equipped at identifying and exacerbating holes 215 in an opponent's defensive line when employing the same defensive tactic. The reduction in 216 missed tackles recorded by higher ranked teams may also be explained by physiological Note: 'n' denotes the number of observations in each node. The first y value denotes the 320 probability of losing and the second y value denotes the probability of winning (e.g. 0.7 = 70%). 321 Note: 'Estimate' denotes the beta coefficient estimate; 'SE' denotes the standard error of the 328 coefficient; 'LCI' denotes the lower 95% confidence interval of the estimate; 'UCI' denotes the 329 upper 95% confidence interval of the estimate; * denotes significance (P <0.05). 330
